Background
==========

Patients with stage 5 chronic kidney disease (CKD), or end-stage renal disease (ESRD), experience internal biochemical changes, particularly in the intestine. These changes can be exacerbated by food, drugs, and other factors during the treatment process, resulting in shifts in the composition of intestinal microorganisms \[[@b1-medscimonit-26-e921557]\]. Previous studies have shown that stage 5 CKD can lead to disorders of the intestinal microbiota \[[@b2-medscimonit-26-e921557],[@b3-medscimonit-26-e921557]\]. Compared with the intestinal microbiota of healthy humans, the quantity of intestinal microbiota in patients with stage 5 CKD is reduced \[[@b2-medscimonit-26-e921557],[@b3-medscimonit-26-e921557]\]. Also, the number of probiotic microorganisms, such as *Bacteroides* are reduced, and the distribution of bacteria in the intestinal tract change \[[@b2-medscimonit-26-e921557],[@b3-medscimonit-26-e921557]\]. However, the role of intestinal microbiota in the occurrence and progression of CKD remains unclear.

16S ribosomal RNA (16S rRNA) is one of the most suitable markers to determine bacterial phylogeny and taxonomic identification, and amplicon sequencing has become the most widely used method to study the composition and structure of microbial communities \[[@b4-medscimonit-26-e921557]--[@b6-medscimonit-26-e921557]\]. Amplicon sequencing can be used to study the intestinal microbiota of patients with stage 5 CKD with different diets to determine whether common dietary treatments result in differences in intestinal microbiota and whether the composition affects nutritional status.

Fecal microbiota transplantation is the main method to study the relationship between intestinal microbiota and corresponding clinical diseases, but the research is mostly limited to the same species. Cross-species fecal microbiota transplantation has rarely been described \[[@b7-medscimonit-26-e921557]\]. Based on the findings from a previous study \[[@b8-medscimonit-26-e921557]\], we previously reported the effects of compound antibiotics to remove their intestinal microbiota of rats and transplanted the intestinal microbiota from uremic patients \[[@b9-medscimonit-26-e921557],[@b10-medscimonit-26-e921557]\].

Therefore, this study aimed to investigate the changes in the intestinal microbiota due to different dietary regimens in patients with stage 5 CKD and the effects of human to rat fecal microbiota transplantation.

Material and Methods
====================

Patient enrolment
-----------------

This study included 36 hospitalized patients (15 men and 21 women) with a mean age of 51.70±10.42 years who were diagnosed with stage 5 chronic kidney disease (CKD) between October 2015 to October 2017 in the Department of Nephrology at the Second Affiliated Hospital of Dalian Medical University. The primary cause of CKD included chronic glomerulonephritis (18 cases), benign hypertensive arteriolosclerosis (11 cases), nephrosclerosis (11 cases), polycystic nephropathy (4 cases), chronic pyelonephritis (1 case), gout nephropathy (1 case), and obstructive nephropathy (1 case). The control group included two men and two women with a mean age of 48±11.50 years. This study was approved by the Ethics Committee of the Second Affiliated Hospital of Dalian Medical University. Signed informed consent was obtained from all participants before the start of the study.

Subjects were excluded if they had a clinical infection of the respiratory tract, digestive tract, or urogenital system, liver disease, active autoimmune disease, a malignant tumor, metabolic or gastrointestinal disease, and severe proteinuria during the four weeks before enrolment. Subjects who had been treated with antibiotics or immunosuppressants in the previous three months were also excluded from the study \[[@b11-medscimonit-26-e921557]\].

Study groups
------------

A normal diet was given to the normal control group (protein intake \>1.2 g/kg/day). Patients with stage 5 chronic kidney disease (CKD) were assigned to one of three groups according to their dietary status. The RS2 group included patients on a normal diet (protein \>1.2 g/kg/day). The RS3 group included patients on a very low-protein diet (protein \<0.6 g/kg/day). The RS4 group included patients on a low-protein diet (0.8 g/kg/day \> protein \>0.6 g/kg/day). A dietitian made the diet plan for patients with stage 5 CKD and assessed their protein intake through diet review and 24-hour urine collection of albumin to guide them to adhere to their dietary therapy.

Specimen collection
-------------------

For the study population, data on gender, age, height, and weight were recorded. All subjects fasted for 10 hours before venous blood sampling from the upper arm. The blood was centrifuged for 10 minutes at 3,000 rpm at room temperature. The supernatant was stored at −80°C for later analysis. Then, 5 gm of feces were collected from the study subjects in the early morning and cryopreserved in a freezer at −80°C for sequencing.

Biochemical indices
-------------------

The malnutrition standard was albumin \<3.8 g/dl, a body mass index (BMI) \<23 kg/m^2^, a muscle volume with \>10% decrease of upper arm muscle circumference. Blood creatinine and other biochemical indices were measured using the LABOSPECT008 automated biochemical analyzer (Hitachi, Tokyo, Japan).

Polymerase chain reaction (PCR)
-------------------------------

Genomic DNA of the fecal samples was extracted by the sodium dodecyl sulfate (SDS) method, according to the instructions provided in the PowerSoil DNA kit (Mobio, Carlsbad, CA, USA). The polymerase chain reaction (PCR) was used to amplify all 40 isolated human fecal microbiome DNA extracts. The primers included 515F (5′-GTG CCA GCM GCC GCGGTA A-3′) and 806R (5′-GGA CTA CHV GGG TWTCTA AT-3′) that were used to amplify the 16S rRNA gene regions for the bacteria.

The PCR reactions were performed in 30 μL volumes with 15 μL of Phusion^®^ High-Fidelity PCR Master Mix (Thermo Fisher Scientific, Waltham, MA, USA). The forward and reverse primers were used at a concentration of 0.2 μM, and template DNA was used at 10 ng. The initial denaturation was performed for 1 minute, and 30 denaturation cycles were performed (10 seconds per cycle) at 98°C. Annealing was performed for 30 seconds at 50°C and extended for 30 seconds at 72°C, and then for a further 5 minutes. Equivalent 1X buffer (SYB green) was mixed with the PCR product and electrophoresis was performed on a 2% agarose gel. Samples were selected with a width of 400--450 base pair (bp) main band for further experiments. The PCR products were mixed at an equal density ratio and purified using a GeneJET Gel Extraction Kit (Thermo Fisher Scientific, Waltham, MA, USA). The Illumina TruSeq DNA PCR-Free Library Preparation Kit was used for the sequencing library (Illumina, San Diego, CA, USA). The library quality was evaluated using the Qubit 2.0 Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA). The library was then sequenced on an Illumina HiSeq platform to obtain 250 bp paired-end sequences.

The barcode sequence and PCR primer sequence were used to separate the sample data from the offline data, and the barcode and primer sequence were removed. Fast Length Adjustment of SHort reads (FLASH) version 1.2.7 software was used (*<http://ccb.jhu.edu/software/FLASH/>*) for each sample read for splicing. After strict filter processing, high-quality clean tags data were obtained \[[@b12-medscimonit-26-e921557],[@b13-medscimonit-26-e921557]\]. Two operations were used from the Quantitative Insights into Microbial Ecology (QIIME) high-throughput bioinformatics, interception of tags, and tag length filtering. The interception of tags included the raw tags that were truncated from the low-quality base site where the continuous low-quality value base number (default quality threshold ≤19) reached the set length with a default length value of 3. Tag length filtering included the tag dataset obtained after the interception of the tags that were filtered with a continuous high-quality base length of \<75% of the tag length.

The tags were removed and compared using the Genomes OnLine Database (GOLD) reference database to detect and remove the chimeric sequences to obtain the final effective tags. Each sample was read in pairs based on a unique bar code. The Quantitative Insights Into Microbial Ecology (QIIME) bioinformatics platform for microbiome analysis was used for sequence analysis, and internal Perl scripts were used to analyze the alpha in samples and beta diversity between samples, as previously described \[[@b14-medscimonit-26-e921557]\]. To further explore the data of microbial diversity differences between samples, statistical analysis methods were used for significance, including the t-test, MetaStat, Analysis of Similarities (ANOSIM), and the Multiple Response Permutation Procedure (MRPP), as previously described \[[@b15-medscimonit-26-e921557],[@b16-medscimonit-26-e921557]\].

Animal model
------------

Thirty male Sprague-Dawley rats were housed in the Animal Laboratory of the Central Laboratory of the Second Affiliated Hospital of Dalian Medical University. The rats were housed in cages in groups of five and were supplied with equal portions of normal feed and sterile water. The rats were maintained with a 12-hour light and dark cycle at 19.1±1°C and 55% humidity.

After one week of adaptation, the rats were randomly and equally assigned into one of three groups: a control group, an experimental group 1 (EG1), and an experimental group 2 (EG2). All rats were given the same diet, but the control group was given sterile water, and the experimental groups were given drinking water with compound antibiotics (vancomycin 500 mg/L, metronidazole 1g/L, neomycin 1g/L, and ampicillin 1 g/L) for three weeks, as previously described \[[@b8-medscimonit-26-e921557],[@b17-medscimonit-26-e921557]\]. Fecal samples from healthy humans and patients with stage 5 CKD in the low-protein diet group were transplanted into the intestines of the EG1 and EG2 rats, respectively.

The experimental protocol was approved by the Animal Ethics Committee of Dalian Medical University and was in accordance with the Principles of Laboratory Animal Care and Use in Research (Ministry of Health, Beijing, China).

Rat fecal sample collection
---------------------------

Fecal samples from the rats in the normal control group, the rats fed compound antibiotics for three weeks, and the rats transplanted with the intestinal microbiota of the patients with CKD for two weeks were collected and stored at −80°C for analysis. After two weeks of enemas, rats in the control and experimental groups were given 10% chloral hydrate and injected intraperitoneally with 400 mg/kg for five minutes before anesthesia. Then, between 5 and 6 mL of blood were taken from the abdominal aorta. All rats were then euthanized by cervical dislocation, their epididymis and peripheral kidney fat were removed, weighed, and stored at −80°C degrees for later analysis.

The rats were weighed one week and four weeks after compound antibiotic feeding and six weeks after intestinal microbiota transplantation. After the rats were euthanized, the fat around the peritoneal epididymis and kidney was compared with their body weight (g/100 g) to obtain the body fat ratio. The differences between the groups were analyzed using the t-test \[[@b18-medscimonit-26-e921557],[@b19-medscimonit-26-e921557]\]. Blood creatinine and other biochemical indices were measured using the LABOSPECT008 automatic biochemical analyzer (Hitachi, Tokyo, Japan).

Statistical analysis
--------------------

Numerical data were presented as the mean±standard deviation (SD). Statistical analysis was performed using SPSS version 19.0 (IBM Inc., Chicago, IL, USA). Scores, weights, and assay values were analyzed using one-way, two-way, or repeated analysis of variance (ANOVA). A Bonferroni correction post hoc test was used with the ANOVA results to identify significant differences between the groups. A P-value \<0.05 was considered to be statistically significant.

Results
=======

General data on the intestinal microbiota in patients with stage 5 chronic kidney disease (CKD)
-----------------------------------------------------------------------------------------------

Patients with stage 5 CKD were randomly assigned to one of three groups according to their diet, and the clinical and biochemical indices of each group were compared ([Table 1](#t1-medscimonit-26-e921557){ref-type="table"}).

At the level of the phylum, the abundance of*Bacteroides* in the intestinal microbiota of patients with stage 5 CKD was reduced (RS1: 22.98%; RS2: 14.64%; RS3: 15.09%; and RS4: 16.89%). ([Figure 1A, 1D](#f1-medscimonit-26-e921557){ref-type="fig"}) The relative abundance of *Firmicutes* increased in the RS2 group (76.43%) and decreased in the RS3 group (61.79%). The difference between the two groups was significant (P=0.014) ([Figure 1B](#f1-medscimonit-26-e921557){ref-type="fig"}).

At the genus level, the relative abundance of *Escherichia* and *Shigella* in the intestinal microbiota increased (RS1: 0.65%, RS2: 2.40%, RS3: 10.22%, and RS4: 5.56%). The relative abundance of*z Blautia* decreased in the RS3 group (7.17%) and RS4 group (7.59%), and *Klebsiella* was RS1: 0.67%, RS2: 0.88%, RS3: 2.8%, and RS4: 3.6%. The between-group differences were significant (*P*=0.027) ([Figure 1C](#f1-medscimonit-26-e921557){ref-type="fig"}).

Analysis of species abundance clustering in the heat map
--------------------------------------------------------

In the RS1 group, *Firmicutes* were concentrated in the genus *Coprococcus* and *Lachnospiraceae* ucg-005, and *Prevotella* was dominant in the *Bacteroidetes*. The RS2 group was dominated by *Streptococcus* and *Holdemanella* from *Firmicutes*. In the RS3 group, there are *Christensenellaceae_r-7_grouprs1* of *Firmicutes* and*Escherichia* and*Shigella* of proteobacteria in large quantities. The RS4 group was dominated by *Rumen coccus 2*, *Faecalibacterium,* and *Aeromonas* in the *Firmicutes* ([Figure 2](#f2-medscimonit-26-e921557){ref-type="fig"}).

Sequencing and identification of the rat intestinal microbiota
--------------------------------------------------------------

At the phylum level, the intestinal microbiota of rats (group drug) changed significantly after they were fed compound antibiotics. *Proteobacteria* accounted for most intestinal microbiota in rats (96%) ([Figure 3A](#f3-medscimonit-26-e921557){ref-type="fig"}). *Firmicutes* and *Bacteroidetes* dominated the intestinal microbiota of rats in the normal control group (group Y), and the intestinal microbiota of rats in the experiment group (group X) after the fecal microbiota transplantation from patients with stage 5 CKD was similar to that of the donor microbiota ([Figure 3B](#f3-medscimonit-26-e921557){ref-type="fig"}).

Heat map analysis showed that the intestinal proteobacterium of rats after administration was mainly composed of alkali-producing bacilli, *E coli* and *Shigella* ([Figure 4](#f4-medscimonit-26-e921557){ref-type="fig"}). After the transplantation of microbiota, the level of *Firmophyta* in rats was also different from that in the control group, and the enrichment of *Christensenellaceae*\_r-7_group rs1 was also observed in patients with stage 5 CKD on a very low-protein diet ([Figure 5](#f5-medscimonit-26-e921557){ref-type="fig"}).

Comparison of body weight and body fat ratio in the rat groups
--------------------------------------------------------------

There was no significant difference in body weight between the three groups at week one ([Table 2](#t2-medscimonit-26-e921557){ref-type="table"}). At the beginning of the second week, compound antibiotics were given to the EG1 and EG2 groups, and the weight of the rats in each group changed significantly. The experimental group was significantly smaller than the control group. At week four, the weight of rats in the experimental group was significantly lower than in the control group, and the difference was significant (P\<0.05). There was no significant difference in weight between the two experimental groups. Three rats in the EG1 group died within two weeks after intestinal microbiota transplantation, and one in the EG2 group died during an anesthesia operation. All rats in the control group survived. At week six, the weight difference between the experimental groups and the control group was still significant. The average weight of the EG1 group was lower than that of the EG2 group ([Figure 6](#f6-medscimonit-26-e921557){ref-type="fig"}).

Comparison of biochemical indices
---------------------------------

Fecal microbiota transplantation in patients with stage 5 CKD was performed in EG1, and microbiota transplantation from healthy individuals was performed in EG2. Two weeks after fecal microbiota transplantation, there was no significant difference in renal function or triglyceride levels between the three groups. The cholesterol level of EG1 (1.96±0.39 mg/dL) was significantly lower than that of the control group (2.37±0.42 mg/dL) and EG2 (2.54±0.73 mg/dL) (P\<0.05). Plasma albumin was the highest in the control group and the lowest in EG1, with significant differences ([Table 3](#t3-medscimonit-26-e921557){ref-type="table"}).

Discussion
==========

The present study included 36 patients with stage 5 chronic kidney disease (CKD) who were given one of three different diets. Their stool samples were then collected to test the composition of their intestinal microbiota, which were significantly different from those of healthy individuals. The difference was mainly reflected in the significant reduction ion the levels of Bacteroidetes, consistent with previous reports. The relative number of Firmicutes increased in the normal diet group, while Proteobacteria increased and Firmicutes decreased in the low-protein diet group.

Previous studies have suggested that high-calorie diets can lead to an increase in Firmicutes and Bacteroides, a change that increases the ability of the microbial community to harvest energy \[[@b20-medscimonit-26-e921557]--[@b22-medscimonit-26-e921557]\]. This change shows that the energy gained by microorganisms also prompts the host to increase its energy intake, seeming to confirm the Matthew effect, especially in obese people \[[@b21-medscimonit-26-e921557],[@b23-medscimonit-26-e921557]\]. The digestive products of proteins are mainly amino acids and small peptides, about 95% of which are digested and absorbed by the stomach and small intestines. *E. coli* corrupts the unabsorbed amino acids and undigested proteins in the lower part of the large intestine. Some studies have shown smaller populations of Bacteroides, Bifidobacteria, and *E. coli* and larger populations of spoilage bacteria, mainly *E. coli*, in the intestinal microbiota of vegans \[[@b24-medscimonit-26-e921557],[@b25-medscimonit-26-e921557]\]. Firmella was lower in the low-protein group than in the other groups, especially in the RS2 group. Heat maps showed that most Firmicutes and Bacteroidetes were beneficial bacteria in the normal population. Christensenellaceae r-7 was more common in the very low-protein diet group. The prevalence of Christensenellaceae r-7 has been reported to be influenced by heredity and is elevated in lean individuals \[[@b26-medscimonit-26-e921557],[@b27-medscimonit-26-e921557]\]. In this study, the incidence of malnutrition was higher in patients in the simple low-protein group, and the enrichment of Christensenellaceae r-7 was consistent with that of previous reports \[[@b26-medscimonit-26-e921557],[@b27-medscimonit-26-e921557]\].

After the intestinal microbiota of patients with stage 5 CKD rich in Christensenellaceae r-7 were transplanted into rats, we observed changes related to malnutrition (e.g., low body weight), suggesting that the bacteria may harm the energy absorption and use of the host. Prevotella has a weak ability to use amino acids and a medium glycolysis ability that can promote the nutrient absorption of the host and has a positive correlation with obesity. It has been reported that its abundance in vegetarians is higher than in meat-eaters. This finding may be related to the compensatory increase of this bacterium in the low-energy intestinal environment of people with low-protein diets. Whether this indicates that short-term dietary factors greatly influence the bacterium needs further study.

Mitsuokella has a strong ability to ferment carbohydrates. The increasing abundance of such bacteria in the intestinal tract of patients on a very low-protein diet may be an adaptive change to increase the host's energy intake. These findings provide part of the rationale for a low-protein diet with adequate caloric intake in CKD patients. However, the effect of the microbiota on host nutrient metabolism is complex. In the low-protein diet group, there were more rumen bacteria and Faecalis bacteria, which can help the host digest and absorb energy and provide some intestinal protection. A reasonable diet with moderate protein control and adequate caloric intake can help improve the intestine disorders in patients with stage 5 CKD and may reduce complications associated with treatment \[[@b28-medscimonit-26-e921557],[@b29-medscimonit-26-e921557]\].

Fecal microbiota transplantation is a favorable method to observe the relationship between intestinal microbiota and individuals \[[@b30-medscimonit-26-e921557]\]. In the present study, fecal microbiota transplantation was conducted from humans to Sprague-Dawley rats to observe the resulting changes. The findings showed that after the rats consumed compound antibiotics for three weeks, their composition and abundance of intestinal microbiota significantly changed, which is consistent with previous studies. The drugs led to the single dominant strain of proteobacteria in the rat intestinal tract. Proteobacteria are the largest group of bacteria. There are also free-living species and include many bacteria that can fix nitrogen. The drug-altered intestinal microbiome environment was more receptive to the transplanted foreign microbiota. The sequencing results of rat intestinal microbiota after transplantation also confirmed the feasibility of xenotransplantation.

The relative abundance and composition of rat intestinal microbiota two weeks after fecal microbiota transplantation was very similar to that of the transplant donor. Combined with the body weight, body fat ratio, plasma albumin, cholesterol, and other indices of the rats, the experimental group's nutritional status was significantly worse than that of the control group. However, in the two experimental groups, the nutritional status of the intestinal microbiota of the transplanted uremic patients was worse than that of the normal group, suggesting that under the same dietary conditions, the intestinal microbiota of patients with stage 5 CKD on the simple low-protein diet also risk causing malnutrition. There could be many specific mechanisms, including the direct impact on the absorption of nutrients and indirect factors caused by systemic inflammation) \[[@b31-medscimonit-26-e921557]--[@b33-medscimonit-26-e921557]\]. Recently, Wu et al. found that the composition and function of the intestinal microbiota are related to the severity of the disease and the level of circulating renal toxins in patients with chronic kidney disease. Specific gut microbes can be used as potential biomarkers for early diagnosis and prognostic monitoring and as candidate therapeutic targets \[[@b34-medscimonit-26-e921557]\]. The topic of changes in the intestinal microbiota in patients with CKD is large and complex. The number of patients included in this study is limited, and the intestinal microbiota of patients with chronic renal insufficiency with different diets has been rarely studied. On this basis, the relationship between different nutritional status and intestinal microbiota of patients with chronic renal insufficiency under the same diet should be further studied, and the relevant bacteria should be further identified.

Conclusions
===========

This study aimed to investigate the changes in the intestinal microbiota due to different dietary regimens in patients with stage 5 chronic kidney disease (CKD) and the effects of human to rat fecal microbiota transplantation. Patients with stage 5 CKD on a very low-protein diet showed changes in the intestinal microbiota that could be transferred from humans to rats by fecal microbiota transplantation.
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![Bar charts of the relative abundance of the fecal microbiota species at the phylum level. According to the annotation results of the microbial species, the most abundant species of each group at the phylum level are selected to generate the bar chart of the relative abundance of species. The x coordinate represents the name of the groups. The y coordinate represents the relative abundance. (**A**) RS1: the healthy control group; RS2: the stage 5 chronic kidney disease (CKD) normal diet group; RS3: the stage 5 CKD very low-protein diet group; RS4: the stage 5 CKD low-protein diet group. (**B**) The t-test analysis chart of the species difference between the groups. There are significantly fewer *Firmicutes* in the RS3 group than in the RS2 group. (**C**) The t-test analysis chart of the species difference between the groups. There are significantly more *Proteobacteria* in the RS3 group than in the RS1 group. (**D**) Bar chart showing the relative abundance of the species at the genus level.](medscimonit-26-e921557-g001){#f1-medscimonit-26-e921557}

![Analysis of species abundance clustering in the heat map. The longitudinal axis shows the sample information, the transverse axis represents the species annotation information, and the clustering tree on the left of the figure is a species clustering tree. The cluster tree above is the cluster tree between the sample groups. The value corresponding to the intermediate heat map is the z-value obtained after standardization treatment for the relative abundance of species in each row. The z-value of a sample in a certain classification is the value obtained by dividing the difference between the relative abundance of samples in that classification and the average relative abundance of all samples in that classification by the standard deviation (SD) of all samples in that classification.](medscimonit-26-e921557-g002){#f2-medscimonit-26-e921557}

![Sequencing and identification of the rat intestinal microbiota. The sample group is shown on the x-axis. The relative abundance of the corresponding species is shown on the y-axis. \* Indicates a significant difference between the two groups (P\<0.05), and \*\* indicates a significant difference between the two groups (P\<0.01). (**A**) At the genus level, the *Mitsuokella* content was highest in the RS3 group. (**B**) The content of *Prevotella* was highest in the RS3 group.](medscimonit-26-e921557-g003){#f3-medscimonit-26-e921557}

![Human to rat fecal microbiota transplantation and the relative abundance of the top 10 species at the phylum level in the rat three groups. (X) Rats received fecal microbiota transplantation from patients with stage 5 chronic kidney disease (CKD). (Y) The normal control group. (Drug) Rats were given compound antibiotics and without fecal microbiota transplantation.](medscimonit-26-e921557-g004){#f4-medscimonit-26-e921557}

![Heat map of the distribution of intestinal bacterial microbiota following human to rat fecal microbiota transplantation in the three rat groups. (X) Rats received fecal microbiota transplantation from patients with stage 5 chronic kidney disease (CKD). (Y) The normal control group. (Drug) Rats were given compound antibiotics and without fecal microbiota transplantation.](medscimonit-26-e921557-g005){#f5-medscimonit-26-e921557}

![Comparisons of the weight in the three rat groups following human to rat fecal microbiota transplantation. The three rat groups were compared, the control group (CG), the uremia patient fecal microbiota transplantation group (EG1), and the normal human fecal microbiota transplantation group (EG2).](medscimonit-26-e921557-g006){#f6-medscimonit-26-e921557}

###### 

Comparison of general data of three groups of patients with different diets.

  Index                       RS2 (n=11)   RS3 (n=13)   RS4 (n=12)   *P* value
  --------------------------- ------------ ------------ ------------ -----------------------
  Sex (Male/Female)           5/6          7/6          6/6          
  Age (years)                 54.0±10.3    58.4±8. 3    55.7±12.8    *P*\>0.05
  BMI                         25.4±4.5     20.5±2.5     22.5±3.0     RS2 *vs.* 3 *P*=0.006
  Cr (μmol/l)                 632±157      618±167      703±199      *P*\>0.05
  ALB (g/l)                   35.6±3.7     33.6±2.5     38.4±3.8     RS3 *vs.* 4 *P*=0.013
  TC (mmol/l)                 4.63±1.12    3.36±0.86    4.40±0.94    RS2 *vs.* 3 *P*=0.006
  RS3 *vs.* 4 *P*=0.008                                              
  CRP (mg/l)                  8.21±3.16    12.51±5.06   7.14±3.00    RS2 *vs.* 3 *P*=0.019
  RS3 *vs.* 4 *P*=0.004                                              
  Incidence of malnutrition   18.2%        76.9%        33.3%        

Cr -- serum creatinine; ALB -- plasma albumin; TC -- cholesterol.

###### 

Body weight and body fat ratio of rats in three groups.

  --------------------------------------------------------------------------------
                   CG (g)\      EG1 (g)\     EG2 (g)\     *P*
                   1            2            3            
  ---------------- ------------ ------------ ------------ ------------------------
  1 week           259.7±10.7   262±11.5     266.5±10.4   1 *vs.* 2; *P*=0.635\
                                                          1 *vs.* 3; *P*=0.168\
                                                          2 *vs.* 3; *P*=0.382

  4 weeks          424.8±18.1   348.1±10.2   362.9±24.7   1 *vs.* 2; *P*\<0.000\
                                                          1 *vs.* 3; *P*\<0.000\
                                                          2 *vs.* 3; *P*=0.097

  6 weeks          515.6±17.7   433.9±20.1   466.7±12.6   1 *vs.* 2; *P*\<0.000\
                                                          1 *vs.* 3; v\<0.000\
                                                          2 *vs.* 3; *P*=0.004

  Body fat ratio   2.36±0.18    1.95±0.12    2.09±0.11    1 *vs.* 2; *P*\<0.000\
                                                          1 *vs.* 3; *P*=0.001\
                                                          2 *vs.* 3; *P*=0.036
  --------------------------------------------------------------------------------

CG -- control group; EG1 -- uremia patient transplantation group; EG2 -- normal human transplantation group.

###### 

Comparison of biochemical indexes in three experimental rat groups.

  ----------------------------------------------------------------------------
                CG\          EG1\         EG2\         *P*
                1            2            3            
  ------------- ------------ ------------ ------------ -----------------------
  Cr (μmol/l)   23.17±5.02   25.26±6.58   22.25±4.89   1 *vs.* 2; *P*=0.536\
                                                       1 *vs.* 3; *P*=0.612\
                                                       2 *vs.* 3; *P*=0.345

  ALB (g/l)     24.52±6.17   19.36±7.50   22.87±5.44   1 *vs.* 2; *P*=0.006\
                                                       1 *vs.* 3; *P*=0.087\
                                                       2 *vs.* 3; *P*=0.042

  TC (mmol/l)   2.37±0.42    1.96±0.39    2.54±0.73    1 *vs.* 2; *P*=0.006\
                                                       1 *vs.* 3; *P*=0.067\
                                                       2 *vs.* 3; *P*=0.004

  TG (mmol/l)   1.15±0.33    1.23±0.42    1.06±0.37    1 *vs.* 2; *P*=0.201\
                                                       1 *vs.* 3; *P*=0.315\
                                                       2 *vs.* 3; *P*=0.096
  ----------------------------------------------------------------------------

CG -- control group; EG1 -- uremia patient transplantation group; EG2 -- normal human transplantation group; Cr -- serum creatinine; ALB -- plasma albumin; TC -- total cholesterol; TG -- triglycerides.
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